Micro Processes Study on Structure Change in N-Pentadecane Thin Film Adsorbed on Substrate: A Molecular Dynamics Simulation by Li, Hong-zhen et al.
World Scientific Research 
ISSN(E) : 2411-6661  
ISSN(P) : 2518-0177 
Vol. 3, No. 1, 51-56, 2016 
http://www.asianonlinejournals.com/index.php/WSR 
 
 
 
 
51 
 
Micro Processes Study on Structure Change in N-
Pentadecane Thin Film Adsorbed on Substrate: A 
Molecular Dynamics Simulation 
 
Hong-zhen Li1     
Zeng-xia Mei2     
Xiao-long Du3     
Xiang-he Kong4     
Ke-zhu Yan5    
1,4,5
College of Physics and Engineering, Qufu Normal 
University, Qufu 273165, China 
2,3
Institute of Physics, Chinese Academy of Sciences, 
Beijing 100190, China 
 
( Corresponding Author) 
 
Abstract 
It is experimentally found that adsorbed thin film consists of chain molecules changes its structure when 
it is heated at temperature lower than the melting point; but the molecular micro processes are remaining 
unknown; here we investigated the micro processes of structure change in n-pentadecane thin film 
adsorbed on substrate by use of molecular dynamics simulation. We found that, at temperature 200K 
(lower than the melting point), the isotropic amorphous thin film becomes a crystalline thin film in 
which molecule chains parallel to the substrate with relaxation time of about 12000ps; however, at 
temperature 290K (also lower than the melting point), the thin film structure changed essentially, the 
molecule chains changed their orientation from parallel to the substrate becomes nearly perpendicular to 
the substrate with relaxation time of about 5000ps.   
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1. Introduction 
Composite materials and their manufacturing methods had become a very important field with the increment 
demand of functional materials by the end of last century [1]. Development of thin film adsorbed on substrate for 
industry and medical treatment have been attracting much attention; and the functional materials consist of organic 
long chains used for living body are the topical subjects [2-6]. All of the functions of the functional materials are 
closely depend on the manufacturing technology of the composite materials [1, 2, 7, 8]. Among the manufacturing 
processes, one of the key process is to control the formation of the interfacial (or surficial ) phase of two kind 
materials，and its fundamental is the mechanism of the interfacial interaction between the substrate and the adsorbed 
thin film [2, 9-12].
 
In order to improve the function of the composite materials, the atomic and the molecular micro 
processes should be known clearly [13-15].
 
However, at the present, the composite materials are manufactured by 
controlling the composite conditions (temperature, pressure, proportion of components, etc.), then examine the 
functions of the composited material; if the functions are not satisfied to the demand, then adjust the composite 
conditions and manufacture again [16-19].
 
Therefore, many molecular micro processes of the manufacturing are 
remaining unknown. To our knowledge, there has been no report on the study of molecular micro processes of 
structural change in adsorbed long chain thin film.  
In the present work, our purpose is to investigate the molecular micro processes of structural change in n-
pentadecane thin film adsorbed on substrate. For the molecules in the n-pentadecane thin film, we adopt a 
conventional united atom model of n-alkane taking the valence angle bending and the dihedral angle rotation as well 
as the C–C bond stretching；it is the same as our previous works [20, 21].  For the substrate, in order mainly to show 
the attractive property, here we consider a flat substrate without atomistic scale structures [22].  
 
2. Model and Simulation Method  
2.1. Molecular Model 
The molecule is assumed to be composed of CH2 and CH3 groups. These groups interact with each other via 
bonded potentials (e.g. bond stretching, bond-angle bending, and dihedral-angle distortion) and non-bonded van der 
Waals potential. The atomic force field used in the simulation consists of, (i) the C-C bond-stretching potential  
2
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where Φ is the dihedral angle formed by four consecutive carbon atoms, and (iv) the 6-12 Lennard-Jones potential 
between united atoms separated by more than three bonds along the chain and between the atoms in different chains,  
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                                                                 Table-1. Values of the parameters used in our simulation.a 
Parameters   Values  Units 
m (CH2)              1.4×1022                       kg/mol 
m (CH3)              1.5×1022                        kg/mol 
l0    0.152                    nm 
kb  3.46×107                       J/nm2 mol 
u 0                          112.4                    degree 
ku   5.0×105                  J/mol 
kf  9.0×103                          J/mol 
a0  1.0  
a1  1.31  
a2   21.414  
a3   20.3297  
a4  2.828  
a5  23.3943  
ε(CH2–CH2 )         500 J/mol 
ε(CH3–CH2 )         600 J/mol 
ε(CH3–CH3 )         730 J/mol 
σ(CH2–CH2 )        0.38                     nm 
σ(CH3–CH2 )        0.38                     nm 
σ(CH3–CH3 )        0.38                     nm 
rc    2.50                 σ(CH2–CH2) 
T    4.1×10-13                        s 
Δt   2.05×10-15                        s 
    a These parameter values were taken from Ref. Rigby and Roe [23]. 
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where r is the distance between the atoms, and  rc is the cut-off distance chosen to be 2.5σ.  In all presentations 
in this work, the length and the energy are expressed by the following reduced units: the unit length σ=0.38 nm, the 
unit energy ε= 500 J/mol. Values of all the parameters used in our simulation are, the same as those used in our 
previous papers [20, 21] listed in Table I. 
 
2.2. Substrate Model 
It has been experimentally found that some anomalous change of molecular orientation takes place in films on a 
glass substrate [22] however, the micro process in molecular level remain unknown. In order to show the main 
attractive property only, here we consider a flat substrate without atomistic scale structures. Hence the substrate 
potential only depends on the distance r from the evaporated molecule to the substrate surface. Here we adopt the 
following conventional form given by Steele [24]:  
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By setting the parameters in eq.5, the substrate has the depth of the potential minimum of about 4ε, it is about 
one-third of the total attraction of an n-alkane crystal when {001} is the substrate surface. This is also a reasonable 
value for highly attractive substrate such as metals and graphite [22, 25].
 
 
 
2.3. Preparation of Isotropic Melt Initial State 
 
 
Figure-1. Isotropic melt initial state. (a) Isotropic melt n-pentadecane molecules;   (b) The isotropic melt n-pentadecane molecules are put on 
the substrate. 
 
An initial crystalline sample was composed of 400 n-pentadecane molecules, and it has no interaction with the 
substrate. In order to prepare an isotropic melt initial state, the initial sample was heated with a low temperature 
ramping rate, and is relaxed at 500K which is well higher than the melting point but lower than the evaporation 
temperature. After sufficient long relaxation time of about 10,000ps, the isotropic melt source is completed [Fig.1 
(a)], then it is put on the substrate described above. Thus the isotropic melt initial state is prepared [Fig.1 (b)]. There 
are periodic condition in x and y axis directions.     
 
3. Results and Discussions 
3.1. Orientation of Molecules in the Thin Film at Lower Temperature (200K) 
(1)  Starting from the initial state, Figure 1 (b), we first quenched the initial state at temperature 200K. with about 
12800ps relaxation, the isotropic amorphous thin film becomes a crystalline thin film in which molecule chains 
parallel to the substrate; the snapshot of the crystalline thin film is shown in Figure-2 (d).   
(2)  Process of the structure change in the thin film at temperature 200K is shown in Figure-2 (a), (b) and (c). 
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Figure-2. The micro processes of structure change in the n-pentadecane thin film from isotropic melt initial state becomes a crystalline state.  
(a) The snapshot after 1600ps relaxation from the isotropic melt initial state.  (b) The snapshot after 4000ps relaxation.  (c) The snapshot after 
8000ps relaxation. (d) The snapshot after 12800ps relaxation. 
 
3.2. Orientation of Molecules in the Thin Film at Higher Temperature (290K) 
 
 
Figure-3. The essential structure change of n-pentadecane thin film. (a) The molecule chains parallel to the substrate at temperature 200K.  
(b) The molecule chains perpendicular to the substrate at temperature 290K. 
 
(1)  In order to investigate the effect of higher temperature on the structure change in the thin film, the crystalline 
state shown in Figure-3 (a) is used as initial state (namely the Figure 2 (d) ), and it is heated up continuously with 
temperature rising rate of about 1K/ps. As the temperature rise to 290K, the temperature rising is stopped and the 
sample begin to be relaxed at 290K. As the relaxing during about 5000ps, It is found that the structure of the thin film 
changed essentially, the molecular chains changed their orientation from parallel to the substrate (see Figure 3 (a) ) 
becomes nearly perpendicular to substrate (see Figure 3 (b)).  
(2)  Representative snapshots of the structure change process at temperature 290K are shown in Figure 4.  
Snapshot Figure 4 (a) (namely the Figure 2 (d) ) is initial state, temperature is at 200K, molecule chains parallel to 
the substrate. Figure 4 (b) through (h) are the middle snapshots of the change process, temperature is at 290K. 
Snapshot Figure 4 (i) is final state, temperature is at 290K, molecule chains perpendicular to substrate.    
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Figure-4. Snapshots of structure change in n-pentadecane thin film after temperature changed from 200K to 290K.  
(a) Initial state, temperature 200K, molecular chains parallel to the substrate. 
(b) Relaxed State of the thin film at temperature Trelax = 290K and relaxant time trelax = 100ps.  
(c) Relaxed State, Trelax = 290K and trelax = 1600ps.   
(d) Trelax = 290K,  trelax = 2400ps.             (e) Trelax = 290K,    trelax = 3000ps.   
(f) Trelax = 290K,  trelax = 3500ps.             (g) Trelax = 290K,    trelax = 3900ps.  
(h) Trelax = 290K,  trelax = 4300ps.             (i) Trelax = 290K,    trelax = 4800ps. 
 
3.3. Effect of the Substrate and the Surface  
It has been shown above that the chain orientation has an outstanding change, from parallel to the substrate 
surface to perpendicular to the substrate surface; It occurs at temperature (both 200K and 290K) below the melting 
point of about 345K [21, 26, 27]. There is no such a phenomenon in bulk crystalline n-alkanes. This indicates that the 
substrate has very important effect on the structure change. This phenomenon is agreement with the results of 
experiment work [22].  
The feature that the surface monolayer prefers to perpendicular to the free surface is similar to the result of our 
previous works [20, 21] which are studies on the surface freezing. Therefore, we think that the free surface may have 
important effect on the structure change in the thin film. The result as a whole is agreement with the results of other 
experiment and simulation works [22, 28]. 
 
4. Conclusions  
We investigated micro processes of the structure change of n-pentadacane thin film adsorbed on solid substrate 
by molecular dynamics simulation. At the temperature below the melting point, we found that the n-pentadecane 
molecular chains in the crystal thin film basically have two kinds of orientations. One kind is that the molecular 
chains parallel to the substrate at temperature 200K, and another is that the chains perpendicular to the substrate at 
290K.  
These results indicate that the substrate has the effect which strongly affects the temperature dependence of 
structure change in the adsorbed thin film. On the other hand, because the molecules in the surficial part change their 
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orientation to perpendicular to the substrate previous to the inner part, therefore，we think that the free surface may 
have important effect on the structure change in the thin film.          
As a remark, we must add that the present simulation give the melting point value of about 345K of n-
pentadecane, this is considerably higher than that of the experimental value of about 285K. We think this difference 
comes from the united atom model and from the force field adopted, as well as short duration of simulation in 
comparison to the typical time scale of the melting of real n-alkane crystals. Similar tendencies have also been 
observed in other simulation works [20, 21, 26, 28] References 27 and 28 show that the discrepancy is larger for 
longer chain alkanes and shorter chain alkanes, respectively. This may be a serious defect in our present simulation, 
but it also has a merit of suggesting possible temperature dependence of the structural change, and of showing 
possible molecular micro processes.   
 
References  
[1] Wichida State University/National Institute for Aviation Research, Composite materials handbook-17G. U.S.A: SAE International, 
Warrendale, Pennsylvania Press, 2012. (Chinese Version, Translated by Hai Wang and Zhen Shen etc.), Shang Hai Jiao Tong 
University Press, 2014. 
[2] S. Martin, Biofunctional surface engineering. Singapore: Pan Stanford Publishing Pte, 2014. 
[3] B. Alberts, A. Johnson, J. Lewis, M. Raff, K. Roberts, and P. Walter, Molecular biology of the cell, 4th ed. NewYork: Garland 
Science, 2007. 
[4] N. Nakabayashi and D. Williams, "Preparation of the non-thrombogenic materials using 2-methacryloyloxyethyl phosphorylcholine," 
Biomaterials, vol. 24, pp. 2431-2435, 2003. 
[5] H. K. Kim, K. Kim, and Y. Byun, "Preparation of a chemically anchored phospholipid monolayer on an acrylated polymer 
substrate," Biomaterials, vol. 26, pp. 3435-3444, 2005. 
[6] E. Kato, K. Akiyashi, T. Furuno, M. Nakanishi, A. Kikuchi, K. Kataoka, and J. Sunamoto, "Interaction between ganglioside-
containing liposome and rattlymphocyte: Confocal fluorescence microscopic study," Biochemical and Biophysical Research 
Communications (from 1999 new name is, Molecular Cell Biology Research Communications: MCBRC), vol. 203, pp. 1750-1755, 
1994. 
[7] T. E. George and L. Hong, Surface modification and mechanisms: Friction, stress and reaction engineering. NewYork: Marcel 
Dekker, 2004. 
[8] K. Ram, Surface modification engineering vol. 1&2. Boca Raton, Florida: CRC Press, Inc, 1989. 
[9] F. Bechstedt, Principles of surface physics. Verlag Berlin Heidlberg: Springer, 2003. 
[10] J. K. Kim and Y. W. Mai, Engineered interfaces in fiber reinforced composites. Amsterdam: Elsevier, 1998. 
[11] M. Wong, M. Paramsothy, X. J. Xu, Y. Ren, S. Li, and K. Liao, "Physical interactions at carbon nanotube polymer interface," 
Polymer, vol. 44, pp. 7757-7761, 2003. 
[12] A. Eitan, K. Jiang, R. Andrews, and L. S. Schadler, "Surface modification of multi-walled carbon nanotubes: Towards the tailing of 
the interface in the polymer composites," Chemistry of Materials, vol. 15, pp. 3198-3201, 2003. 
[13] D. Snetivy and G. J. Vancso, "Atomic force microscopy of polymer crystals: Chain packing, disorder imaging of methyl groups in 
oriental isotactic polypropylene," Polymer, vol. 35, pp. 461-469, 1992. 
[14] L. M. Manocha, A. Marrier, S. Manocha, D. D. Edie, and A. A. Ogale, "Microstructure of carbon/carbon composites reinforced with 
pitch-based ribbon-shape carbon fibers," Carbon, vol. 41, pp. 1425-1433, 2003. 
[15] M. Rollin, S. Jouannigot, J. Lamon, and R. Pailler, "Characterization of fiber/matrix interface in carbon/carbon composites," 
Composites Science and Technology, vol. 9, pp. 23-31, 2008. 
[16] E. Theodore, "Influence of material processing and interface on the fiber fragmentation process in titanium matrix composites," 
Composite Interfaces, vol. 15, pp. 363-369, 2008. 
[17] L. T. Dral, M. J. Rich, and P. F. Lloyd, "Adhesion of graphite fibers to epoxy matrices: The role of the fiber surfaces treatment," 
Journal of Adhesion, vol. 16, pp. 1-8, 1982. 
[18] M. N. Kallas, D. A. Koss, H. P. Hahn, and J. K. Hellman, "Interfacial stress state present in a thin-slice fiber push-out test," Journal 
of Materials Science, vol. 27, pp. 3821-3826, 1992. 
[19] K. R. Jiang and L. S. Penn, "Improved analysis and experimental evaluation of the single filament pull-out test," Composites Science 
and Technology, vol. 55, pp. 89-96, 1992. 
[20] H. Z. Li and T. Yamamoto, "The surface-ordered phase of n-nonadecane: A molecular dynamics simulation," Journal of Chemical 
Physics, vol. 114, pp. 5774-5762, 2001. 
[21] H. Z. Li and T. Yamamoto, "A molecular dynamics simulation of the surface-ordered phase of n-alkanes: The effect of chain length," 
Journal of the Physical Society of Japan, vol. 71, pp. 1083-1091, 2002. 
[22] K. Fukao, H. Kawamoto, T. Horiuchi, and K. Matsushige, "Annealing effects on molecular orientation in evaporated films of n-
paraffins," Thin Solid Films, vol. 197, pp. 157-167, 1991. 
[23] D. Rigby and R. Roe, "Molecular dynamics simulation of polymer liquid and glass. I. Glass transition," Journal of Chemical Physics, 
vol. 87, pp. 7285-7298, 1987. 
[24] W. A. Steele, "Force field of varies substrates," Surface Science, vol. 36, pp. 317-338, 1973. 
[25] T. Yamamoto, "Monte Carlo simulation of the crystal structure of the rotator phase of n-paraffins. II. Effects of rotation and 
translation of the rigid molecules," Journal of Chemical Physics, vol. 89, pp. 2356-2363, 1988. 
[26] K. Esselink and P. A. J. Hilbers, "Molecular dynamics study of nucleation and melting of n-alkanes," Journal of Chemical Physics, 
vol. 101, pp. 9033-9039, 1994. 
[27] S. Fujiwara and T. Sato, "Molecular dynamics simulation of structure formation of short chain molecules," Journal of Chemical 
Physics, vol. 110, pp. 9757-9765, 1999. 
[28] T. Yamamoto, "Molecular simulation of the crystallization in n-alkane ultrathin film: Effects of film thickness and substrate 
attraction," Journal of Chemical Physics, vol. 127, pp. 154704-154717, 2007. 
 
 
 
 
 
 
 
 
 
Asian Online Journal Publishing Group is not responsible or answerable for any loss, damage or liability, etc. caused in relation to/arising out of the use of the 
content. Any queries should be directed to the corresponding author of the article. 
 
